Glutamate transport and metabolism in astrocytes.
Glutamate uptake and metabolism was studied in cerebral cortical astrocytes. The expression of the astrocytic glutamate transporter GLAST was found to be stimulated by extracellular glutamate through activation of kainate receptors on the astrocytes. Energy metabolism and ammonia homeostasis are two important aspects of glutamate handling in astrocytes. It is well known that glutamate transport into astrocytes and glutamine formation are energy consuming processes. Furthermore, ammonia is required for glutamine production. On the other hand, glutamate metabolism through the tricarboxylic acid cycle is an energy and ammonia producing pathway. In the present study it was shown that at an extracellular glutamate concentration of 0.5 mM, high energy phosphates were reduced, and more than 50% of the glutamate carbon skeleton entered the tricarboxylic acid cycle to yield products like lactate, aspartate, and additionally glutamate and glutamine derived from tricarboxylic acid cycle intermediates. Entry into the cycle was not affected by the transaminase inhibitor aminooxyacetic acid, indicating that deamination is the major route for 2-oxoglutarate formation from glutamate. Synthesis of glutamate from 2-oxoglutarate, however, proceeded via transamination. In an earlier study it was shown that at glutamate concentrations at and below 0.2 mM, glutamine appears to be the major product and entry of glutamate into the tricarboxylic acid cycle is decreased 70% by aminooxyacetic acid. In an attempt to unify the above mentioned results, it is suggested that availability of ammonia and energy demands are major factors determining the metabolic fate of glutamate in astrocytes.